Abstract Feedback pathways are a common circuit motif in vertebrate brains. Reciprocal interconnectivity is seen between the cerebral cortex and thalamus as well as between basal ganglia structures, for example. Here, we review the literature on the nucleocortical pathway, a feedback pathway from the cerebellar nuclei to the cerebellar cortex, which has been studied anatomically but has remained somewhat obscure. This review covers the work examining this pathway on a number of levels, ranging from its existence in numerous species, its organization within cerebellar circuits, its cellular composition, and a discussion of its potential roles in motor control. Recent interest in cerebellar modular organization raises the profile of this neglected cerebellar pathway, and it is hoped that this review will consolidate knowledge gained over several decades of research into a useful format, spurring new investigations into this evolutionarily conserved pathway.
Initial Discovery and Observations
The nucleocortical pathway was first definitively identified in 1976 in two independent studies published within a month of each other. The rapid and widespread replacement of axon degeneration techniques with use of horse radish peroxidase (HRP) transport and tritiated leucine tracing contributed to this nearly simultaneous co-discovery of a nucleocortical pathway by Tolbert et al. (1976) and Gould and Graybiel (1976) in cats [1, 2] . Shortly afterward, a similar independent observation of retrogradely labeled neurons in the cerebellar nuclei following HRP injections into the cerebellar cortex was made in pigeons [3] . Tolbert et al. then showed a nucleocortical connection in macaques using a combination of retrograde HRP transport, anterograde tritiated leucine injections, and electrical stimulation [4] . A flurry of activity followed. All told, the existence of a nucleocortical pathway was confirmed in rats [5] [6] [7] [8] [9] , tree shrew [10] , bush babies [11] , mouse [12] , cats [1, 2] , pigeons [3] , and macaques [4] , bringing the number of species in which it was confirmed to seven, suggesting that it is a conserved pathway. The history of these initial discoveries was recently reviewed in personal accounts by Daniel Tolbert, Barbara Brown (Gould) , and Ann Graybiel [13, 14] . Its basic organization is schematized in Fig. 1 .
Early experiments describing the pathway took three main tacks: Retrograde tracing from HRP injections into the cerebellar cortex, anterograde tracing from tritiated leucine injections into the cerebellar nuclei, and electrophysiological recordings coupled with stimulation of the cerebellar cortex to elicit antidromic spikes, all in cats. The key observations from these methods included retrograde label in the CbN following HRP injection into the cerebellar granule cell layer, axons and mossy fiber terminals in the granule cell layer following tritiated leucine injections into the nuclei (see below for discussion of mossy fiber identification), and short latency antidromic spikes in cells recorded in the cerebellar nuclei following cerebellar surface stimulation. Indeed, the observation of antidromic spikes following cerebellar cortex stimulation was first made by Ito and colleagues who later interpreted the findings as resulting from current spread to the nuclei from the stimulation site [15] . Coupled with the anatomical data, however, activation of nucleocortical cells by cerebellar cortex stimulation could be confidently interpreted as representing antidromic propagation. Using axonal degeneration following axotomy, Hámori and Takács estimated that the nucleocortical pathway comprises approximately 5 % of the cerebellar mossy fiber population, since extracerebellar mossy fibers degenerated after brachium conjuctivum (BC) transection [16] .
Gross Organization: Topography and Reciprocality
From the earliest anatomical experiments examining the nucleocortical pathway, there was a strong indication that the nucleocortical pathway was organized roughly into sagittal zones: tritiated leucine injections into fastigial and posteriorinterposed nuclei in cats labeled fibers that terminated in vermal areas while injections into the dentate nuclei labeled fibers terminating in more lateral lobules such as Crus I and II. Interposed nucleus injections, likewise, labeled fibers terminating in intermediate areas [1, 2] . Similarly, Gould and Graybiel found an orderly arrangement of retrogradely labeled nuclei following cortical HRP injections, corresponding to injection site.
Subsequent to these initial observations, the topic of topographical organization of the nucleocortical pathway was investigated in a variety of species and with increasing refinement, with both sagittal and rostrocaudal topography observed [7, 17] . In a series of studies in cats, Dietrichs and colleagues injected HRP into numerous cerebellar lobules including the paramedian, Simple, Crus I and II, anterior, posterior, paraflocculus, vermis, and finally, the floccular-nodular lobes [17] [18] [19] [20] [21] . While the primary focus of these papers was exploring the patterns of corticonuclear connections, they noted that, in general, retrogradely labeled neurons comprising the nucleocortical pathway followed the same patterns as corticonuclear connections. Thus, zonal, topographical organization was consistent between both the corticonuclear and nucleocortical pathways. For example, the paramedian lobule can be divided into a series of sagittal subzones from A to D based on white matter organization [22, 23] . The lateral most folia (D2 zone) projects to the ventral and middle lateral nucleus (NL). Slightly more medially, the D1 zone projects to the NL and anterior interposed nucleus transition area (NIA). Middle folia (C2) projects to dorsal posterior interposed nucleus (NIP), and the medial most area (C1) projects to dorsomedial NIP. Since nucleocortical projections followed the same patterns but in reverse, the theme of reciprocal connections between Purkinje neurons and subjacent granule cell layers was supported.
The fact that the nuclei project back to the cerebellar cortical region that provides Purkinje input to it begs the question of whether closed loops form with corticonuclear projecting Purkinje neurons. Gould was among the first to examine reciprocality and found retrogradely labeled nucleocortical neurons overlapping with corticonuclear terminal fields [24] . Indeed, many of the studies examining the topographical organization of the nucleocortical pathway noted that nuclear neurons retrogradely labeled following HRP injections into the cerebellar cortex fell within zones of anterogradely colabeled Purkinje axonal plexes. Numerous studies support the idea that reciprocal corticonuclear and nucleocortical pathways form closed loops, as defined as retrogradely labeled nucleocortical neurons overlapping with anterogradely labeled Purkinje terminal fields [2, 7,9, 10, 17-21; 24-31] .
These studies also note retrogradely labeled nucleocortical neurons that occur outside the Purkinje terminal field, suggesting an additional open-loop arrangement. For example, deviations from reciprocality are seen following vermal injections in monkeys, which label Purkinje terminals ramifying in the fastigial and interpositus nucleus but label nucleocortical neurons in the dentate nucleus [25, 33] . Similarly, HRP injections into anterior lobe intermediate areas III and IV labeled Purkinje axons ramifying in medial NIA but did not label retrograde neurons in that area. Rather, retrogradely labeled cells appeared in rostromedial NM [19] . Trott et al. quantified the degree to which retrograde label fell within Purkinje terminal zones and found heterogeneity between areas [30, 31] . Injections into the paramedian lobule C1 zone revealed the closed-loop arrangement of approximately 67 % of nucleocortical neurons, of which approximately 17 % appeared on the 'fringe' of the Purkinje terminal fields within NIA. The remaining retrograde label fell outside the zone formed by Purkinje axons [30] . Injections into the paramedian lobule C2 pars anterior zone revealed a predominantly Fig. 1 Organization of the nucleocortical pathway. The primary nucleocortical pathway is reciprocally connected with Purkinje areas that target it (solid arrows). Minor pathways are depicted with dotted lines. The dashed projection from the CbN to the IO is speculative in the sense that it is unknown if it is the IO-projecting nuclear neurons that collateralize to the cerebellar cortex to produce the GABAergic mossy fibers. Black, glutamatergic nuclear neurons; Dark gray, GABAergic nuclear neurons; Light gray, glycinergic neurons. Abbreviations: Pkj Purkinje layer, GCL granule cell layer, CbN cerebellar nuclei, IO inferior olive reciprocal arrangement (92 % overlap with corticonuclear terminals) with pars posterior injections showing similarly high (88 %) overlap [31] . Thus, the nucleocortical pathway forms both closed and open loops with its cortical afferents, and the degree of reciprocality differs between cortical areas. Of course, it has also been noted that dendrites of nucleocortical somata that reside outside the reciprocal Purkinje terminal zone could extend dendrites to close the loop, potentially increasing the fraction of nucleocortical neurons that participate in closed loops [10] .
Nucleocortical somata that fell outside of the Purkinje terminal zone were sometimes noted to be less intensely labeled with HRP than those that fell within the terminal fields [27] . It has been speculated that this staining pattern could result from limited tracer uptake by diffusely branching terminal arbors from nucleocortical cells. For example, if the main branch of a nucleocortical neuron primarily arborizes in zones with reciprocal Purkinje neurons but less densely collateralizes in other zones, then tracer injection into the cortex would be taken up sparsely by these sparse collaterals and appear in non-reciprocal areas [27] . Indeed, branching of nucleocortical axons is supported by several studies. Tolbert et al., using tritiated leucine as an anterograde tracer, also describe 'prolific' branching of nucleocortical fibers [25] . Experiments that involve injections of fluorescent tracers into multiple areas of the cerebellar cortex also support the idea of branching fibers. After injecting somatotopically related but distant patches of cerebellar cortex, Provini et al. report double-labeled nucleocortical cells [32] . Similarly, dual injections of fast blue and nuclear yellow into the paramedian lobule and intermediate cortex labeled neurons in NIA and NIP. Although most were singly labeled cell, approximately 20 % were double labeled, supporting the idea of branching nucleocortical fibers [11] .
Deviations from this scheme of reciprocality were noted in several studies owing to the patchy absence of nucleocortical projections. Specifically, some cortical zones appear devoid of nucleocortical projections. Examining this issue directly, Buisseret-Delmas and Angaut found that when focusing on the sagittal arrangement of nucleocortical projections, injections of HRP into the B and C3 zones of rats labeled no nucleocortical fibers [27, 28] . Additionally, some patches of C1 and D zones are devoid of nucleocortical fibers. These data are thematically similar to observations made in cats where HRP injections of the C2 zone of the paravermis labeled many more retrograde nucleocortical neurons in the posterior IP than injections into the C1 or C3 zones, which labeled none or just a few cells. Trott et al. also note that C1 injections of Lobule V seem devoid of nucleocortical projections [30] . Nucleocortical fibers may be additionally subdivided against longitudinal and lobular arrangements. While the C2 zone of the paravermal cortex of lobules Vb/c in cats has many nucleocortical fibers [31] , the C2 zone of the paraflocculus has none [18, 19] .
While a majority of the open-loop, non-reciprocal nucleocortical neurons were found in ipsilateral nuclei, nonreciprocal connections were also found contralaterally. Following HRP injections into the granule cell layers of primates, cats, rats, and tree shrews, retrogradely labeled cells in the contralateral cerebellar nuclei have been observed, suggesting that the nucleocortical pathway includes a contralateral projection [7] [8] [9] [10] [11] 31] . These retrogradely labeled cell populations did not intermingle with Purkinje axon arbors, which are commonly recognized to strictly target ipsilateral nuclei. The fraction of ipsilateral to contralateral cell label was always reported to be low. In cases when label was quantified, ratios between 6:1 and 12:1 ipsi-to-contralateral cells were reported in tree shrews and 10:1 reported in cats [11; 30,31] . On the surface, these data suggest a minor role for the contralateral nucleocortical pathways, although information on the axonal branching characteristics and electrophysiological properties of this population would resolve whether contralaterally projecting nuclear cells exert widespread effects on the cortical circuit.
Similar to the observation of heterogeneity in the existence of nucleocortical projections ipsilateral to HRP injections, not all cortical zones appear to receive contralateral input from the nucleocortical pathway. Injections into the paramedian lobule (PML pars anterior C1 zone) in the cat labeled no contralateral cells in cats. Similarly, HRP injections in longitudinal B zones in rat did not result in contralateral label, while injections into the A anc C1 zones did [28] . The neuronal population that makes up the contralateral nucleocortical pathway includes cells immunopositive for both glutamate and GABA, at ratios similar to their ipsilateral partners [8] , suggesting that there is not an obvious difference in the neurotransmitter phenotypes employed by ipsi-and contralaterally projecting nucleocortical neurons (See below). Finally, it is unclear whether contralaterally projecting nucleocortical neurons branch to innervate the ipsilateral cortex as well, since bilateral dual fluorescent tracer injections into cerebellar cortical zones did not reveal double-labeled neurons in the cerebellar nuclei [11] .
Cellular Identity
At least three cell types based on neurotransmitter phenotype comprise the cerebellar nuclei: glutamatergic, GABAergic, and glycinergic neurons [34] . Each of these cell types has been suggested to extend feedback projections to the cerebellar cortex. Contemporary studies examining the diversity of cell types in the cerebellar nuclei have included information on electrophysiological properties, projection targets, neurotransmitter expression, and most recently transcription factor expression patterns as features differentiating cell types [35] [36] [37] [38] . Furthermore, use of transgenic mouse lines that expresses fluorescent reporters in a subset of neurons aid in identifying populations of nuclear neurons [35] [36] [37] 39] . The general conclusion of these studies is three-fold. First, large premotor projection neurons are primarily glutamatergic but include a small population of glycinergic fastigial output neurons. Second, GABAergic neurons are small and primarily project to the inferior olive, although it is unclear if all GABAergic neurons project to the IO. Third, two classes of small glycinergic neurons have been defined based on electrophysiological properties that differentiate between spontaneously active or silent neurons. Only silent glycinergic neurons have been shown to project to the cerebellar cortex [35] , (see below). Notably, electrophysiological differences among a majority of nuclear neurons appear to be very subtle, with spontaneous firing the norm, excluding a small population of silent glycinergic neurons [35, 36] . Physiological differences among the cell types primarily cluster around small differences in maximal firing rates and inhibitory current kinetics [37] . These data suggest that integrative properties of different neuronal cell types within the cerebellar nuclei may be fairly uniform.
The literature on the nucleocortical pathway has, with few exceptions, relied on cell size as a proxy determinant of neuronal 'type', of which six were postulated by Chan-Palay based on soma size and dendritic arborization [34] . Subsequent studies established that a population of small cells included neurons positive for glutamic acid decarboxylase (GAD), suggesting that they are GABAergic, and that these small neurons in part project to the IO [34] . Several studies measured soma size of retrogradely labeled neurons following HRP injections into the cerebellar cortex. Histograms of soma size following HRP injections into the cerebellar cortex in cats revealed a broad distribution of somatic diameters, ranging from 5 to 35 μm [9, 43] . Comparing the distribution of nucleocortical neuron soma size to distributions of labeled somata following either IO or ventrolateral thalamus (VL) injections revealed broad overlap, leaving the identity of nucleocortical neurons inconclusive. VL projecting neurons had somatic diameters ranging from 6 to 40 μm, while those projecting to the IO were on average smaller, ranging from 9 to 15 μm. Investigations in other species such as rat show similar cell diameter distributions that vary between glutamatergic and IO targets: reticular formation targeting cells ranged in diameter from 12 to 27 μm, averaging around 20 μm, and IO-projecting cells ranged from 5 to 16 μm, averaging around 10 μm [9, 43] . Similar conclusions were made by Gould who measured a maximum diameter of retrogradely labeled nucleocortical neurons ranging from 15 to 60 μm, with the greatest number of somata measuring approximately 30 μm [24] . She also noted that injections into the vestibulocerebellum, specifically the flocculus and nodulus, primarily labeled small to mediumsized neurons, with a diameter range of 10-50 μm and predominant diameters of hovering around 20-25 μm. Whether these size differences reflect different neurotransmitter phenotypes comprising the nucleocortical pathway remains unknown.
Cell diameter measurements of retrogradely labeled nucleocortical neurons were later coupled with immunohistochemical identification of cell type. Retrograde label from cerebellar cortex injections coupled with immunostaining revealed that 56 % of nucleocortical afferents were positive for glutamate only, 7.8 % were positive for GABA only, 23 % were positive for both glutamate and GABA, and 11 % were neither and could reflect the glycinergic population [8] . At the electron microscope (EM) level, retrogradely labeled nucleocortical neurons included both GABA-immunonegative and immunopositive neurons that were postsynaptic to Purkinje boutons [29] . These authors also correlated immunostaining with measurements of cell diameter to help bridge their experiments with previous studies. Consistent with the idea that glutamatergic output neurons that target the thalamus are larger, on average, than other cell types, they found that glutamate-immunopositive neurons had somatic diameters of 10-35 μm, and GABAergic, putative IO-projecting cells, had diameters of 5-22 μm [8] .
These data suggested that at least part of the nucleocortical projection is GABAergic, based on colabel of retrogradely labeled nucleocortical neurons with markers for GABAergic phenotypes. Several lines of evidence both support and call into question these conclusions. HRP injections into the C2 zone of the posterior cat cerebellum retrogradely labeled a few nucleocortical neurons, none of which were found to be GABA-positive, calling into question the extent of any GABAergic nucleocortical pathway [41] . On the other hand, Chan-Palay noted the uptake of a GAD antigen complex by terminals in the cerebellar cortex, which was retrogradely transported to the nuclei. In the opposite direction, she showed GAD antigen labeled mossy fibers in the cerebellar cortex. Together, these data raised the intriguing possibility of GABAergic mossy fibers [5] . The idea of GABAergic mossy fibers was investigated at the EM level as well, with immunogold labeling against GABA localized to a subset of mossy fibers that were immune to die-back after pediculectomy, suggesting that they were intrinsic mossy fibers of putative nuclear origin [16] . These investigators also found small GABA immunopositive axon varicosities located at the periphery of glomeruli typical of Golgi cell axons and a second, larger mossy fiber-like ending also strongly labeled for GABA and containing large spheroid and pleomorphic vesicles. These terminals were located centrally within a glomerulus in contrast to the peripheral location of putative Golgi cell axon terminals. Indeed, the small, peripheral profiles that were consistent with terminals of Golgi cells did not degenerate after folial transections, whereas the GABAergic mossy fibers degenerated under this manipulation, consistent with their classification as nucleocortical fibers.
Overall, the evidence suggests that a minority of nucleocortical neurons are GABAergic and glycinergic; most are glutamatergic. Clearly, modern techniques will help illuminate this issue further and provide insight into the functional role of these overlooked inhibitory projection neurons within the cerebellum.
An example of a recent use of transgenic mice that has advanced our understanding of the chemical identity of a subset of nucleocortical projection neurons is seen in the work aimed at characterizing the physiological and morphological properties of glycinergic neurons in the lateral cerebellar nuclei [35] . Uusisaari and Knöpfel used a transgenic mouse line that expresses GFP under the GlyT2 promoter [42] to target whole-cell recordings in an acute brain slice preparation. By filling GlyT2-GFP+cells with biocytin, they were able to visualize the projection patterns of recorded neurons whose axons were not severed during the acute slicing procedure. In several cases, they identified axons coursing into the cerebellar cortex from glycinergic neurons, indicating that the glycinergic neuronal population of the cerebellar nuclei also provides a nucleocortical projection [35] .
Differential connectivity patterns of nucleocortical neurons have also been used as a classification scheme. In studies examining the morphology and electrophysiology of nuclear neurons, it has been suggested that nucleocortical projections form as collaterals form cerebellarfugal cells. The early work by Tolbert and colleagues among others suggested that nucleocortical fibers may emanate as collaterals of cerebellar efferents because they observed antidromic spike collision following closely spaced brachium conjuctivum (BC) and cerebellar cortex stimulation [1, 25, 40, 43] . Similarly, intracellular recordings made in vivo coupled with biocytin fills allowed McCrea and colleagues to reconstruct nuclear neurons. They found two cells with axons extending into both the cerebellar cortex and the BC [40] . More extensive antidromic mapping work suggested that nuclear neurons may branch to target the VL, IO, and cerebellar cortex [25] . However, in the contemporary literature, it is accepted that VL and IOprojecting neurons are non-overlapping populations, calling into question some of these conclusions. One study that provided more definitive proof of collateralization of nucleocortical neurons was a short anatomical study in rats showing double labeled neurons in the cerebellar nuclei following dual fluorescent tracer injections into the VL and cerebellar cortex [44] . Collateralization to the IO was not investigated in this study. It has also been proposed that different subsets of nucleocortical neurons could be defined based on their connection profile with the cortex. Four types of nucleocortical cells were proposed based on intracerebellar projection patterns: ipsilateral reciprocal nucleocortical cells, ipsilateral non-reciprocal cells, contralateral nucleocortical cells, and dedicated nucleocortical cells, which project to cortex but not to other areas [26, 45] .
In summary, the literature suggests that the nucleocortical pathway is primarily composed of glutamatergic neurons, some of which possess collateral branches that innervate extracerebellar targets and the cerebellar cortex. In addition, a number of GABAergic and glycinergic neurons also project to the cortex. Whether these inhibitory neurons also target extracerebellar targets is unclear.
Nucleocortical Terminals and Targets
Before the nucleocortical pathway was definitively identified in the 1970s [1, 2] , reports had surfaced that the cerebellar nuclei could be a source of climbing fibers to Purkinje neurons [46, 47] . These studies relied on axonal degeneration techniques and were very soon overturned by work using the more sensitive anatomical tracers such as HRP and tritiated thymidine. Subsequent studies showed that injections restricted to the cerebellar granule cell layer were most successful at yielding retrogradely labeled cells in the cerebellar nuclei, suggesting that nucleocortical projections targeted the GCL. Indeed, no nucleocortical retrograde label was reported following HRP injections confined to the molecular layer. Rather, injections had to include the GCL to label nuclear neurons [17] . Consistent with these data, anterograde tracing from the cerebellar nuclei labeled axons and putative terminals that were restricted to the white matter and GCL. Although the light microscopic-level resolution was not excellent compared with contemporary standards, investigators consistently reached the conclusion that the nucleocortical pathway terminated as mossy fibers [2, 48] .
EM work coupled with autoradiography confirmed that at least some nucleocortical axons terminate as mossy fibers in both cats and rats [49, 50] . Nucleocortical synapses could form en passant, simple, or complex mossy fiber rosettes, which were associated with granule cell dendrites. Nonglomerular contacts were also formed with putative Golgi cells. Putative nucleocortical synapses, identified by their resistance to degeneration following pedunculectomy, occupied normal glomerular orientations. Although degeneration resistant mossy fibers were reportedly 'smoother' with fewer irregularities than most normal rosettes, they were centrally located within glomeruli, contacting granule cell dendrites and more peripherally Golgi cell axon terminals [49] . Taken together, these data indicate that the nucleocortical pathway primarily targets the GCL with mossy fibers, regardless of whether terminals are glutamatergic or GABAergic. The morphology of glycinergic nucleocortical terminals is unknown.
Functional Importance of the Nucleocortical Pathway
The role of the cerebellum in movement remains somewhat enigmatic. Among the most common descriptions of computations carried out by cerebellar circuitry include calibration of reflexes as exemplified in its role in the vestibular-ocular reflex (VOR) adaptation. In addition, the oscillatory nature of movements following cerebellar damage and disease has pointed to the idea that the cerebellum computes internal models of body dynamics. Both processes benefit from internal feedback relaying outgoing motor commands to sensory areas, which use it as a reference to evaluate sensory inflow. Although speculative, nuclear output neurons that collateralize to project back to the cerebellar cortex could be a source of this type of efference copy or corollary discharge information, aiding the cerebellar cortex in monitoring ongoing cerebellar/motor output [51] .
The topographical organization of the pathway has inspired other speculations on its function. Reciprocal connections between the nuclei and Purkinje neurons could serve a role in interconnecting internal paths between microzones [48] . This proposed function would be well served by both reciprocal and non-reciprocally organized pathways, with nonoverlapping CN-NC fields providing an anatomical substrate for an intercompartmental coordinating system [30, 31] . Nucleocortical projections that branch to innervate functionally related but spatially distinct regions of cerebellar cortex could serve to bind these areas [32] . It has also been speculated that lateral 'neocerebellar' cortex and the dentate are involved with preprogramming movement, while medial 'paleocerebellar' cortex is more involved in updating ongoing movements. Lateral zones were found to have more reliable reciprocal connections than medial areas, thus this internal circuitry may suggest differential computations occurring across the mediolateral extent of the cerebellum [33] .
In other brain regions, internal excitatory feedback loops such as those provided by the nucleocortical pathway have been speculated to support waves of reexcitation, amplifying initial excitatory events [52] . If analogous with recurrent excitatory collaterals within the cerebral cortex, the nucleocortical pathway may provide timing signals that underlie motor sequence generation and thereby support the coordination of movement. Furthermore, internal inhibitory feedback loops between Purkinje neurons and GABAergic nucleocortical neurons are somewhat reminiscent of GABAergic networks within the basal ganglia and may similarly be important for refinement of movement. Similarly, corticothalamic and thalamocortical loops are thought to modify thalamic relay and enhance signal-to-noise ratios of sensory input [53] . Thus, if these analogies hold, nucleocortical feedback projections could serve a wide range of possible functions within the cerebellar circuit.
Summary
The nucleocortical pathway consists of a projection from the cerebellar nuclei back to the cerebellar cortex and is conserved amongst diverse vertebrate species. It primarily targets cerebellar cortical areas that project to it but deviates from strict closed-loop reciprocality with open loop ipsi-and contralateral projections. It includes all cell types of the cerebellar nuclei, but data suggest that it is primarily composed of glutamatergic neurons. The nucleocortical pathway appears to terminate as mossy fibers in the granule cell layer, although the morphological characteristics of GABA and glycinergic components of the pathway are less well-established. These loops may help support normal motor behavior mediated by the cerebellum, a broad hypothesis that may now be tested with contemporary experimental tools. Indeed, it is likely because cell-type specific manipulations were not feasible that this pathway has suffered a dearth of physiological investigations since its discovery.
